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1. ®asoBi piBHOBaryu, KpUCTalidyHa CTPYKTypa Ta BJIACTUBOCTI XaJIbKOTE€HITHUX (a3 y cucTemax
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Pedepar/anoTamis:

1. Inceprauifina po60Ta IpUCBIY€HA BUBYEHHIO (pa30BUX PiBHOBAr 3a Temnepartypu 770 K y kBazinoTpiiHux
cucremax R2X3-{Ga,In}2X3-DIVX2(NiX), (ze R-La, Pr; DIV-Si, Ge, Sn; X-S, Se), BUsIBJIEeHHIO 3aKOHOMIpHOCTEM
B3a€eMOJii MK KOMITIOHEHTaMU, JOCJIiIPKEHHIO KPUCTAJiYHOI Ta 30HHOI CTPYKTYpY IIPOMIKHUX (a3 cKiany
Ln3Gal,67X7 i Ln3Gel,25Se7 (Ln - saHTaHoix) eroBanux d-enemenramu (Mn, Fe, Co, Ni, Cu, Ag, Cd, Hg), p-
esieMeHTOM Pb, a TakoXX TBepAMX PO3YMHiB Ha ix ocHOBI. 3a pe3dynbraTamu POA ta PCA Bnepie no6ynoBaHoO
BiAmoBinHO 24 Ta 8 i30TepMivYHMX Iepepi3iB Aiarpam crany KBazinoTpiHux cuctem R2X3—{Ga,In}2X3-DIVX2 i
R2X3-{Ga,In}2X3-NiX, R-La, Pr; DIV-Si, Ge, Sn; X-S, Se. B3aemoqito komnoneHTiB y cucremi Pr2S3 - Tb2S3 - Er2S3
- GeS2 pocninKeHo B IJIOMMHI KOHIEHTPaLiiHOTO TPUKyTHUKA Pr4Ge3S12 - ‘Th4Ge3S12’ - ‘Er4Ge3S12’. Bnepiue
METO/IOM PEHTT€HIBCbKOI IOPOLIKOBOI A1(PAKTOMETPIi BU3HAUEHO KPUCTAJIIYHY CTPYKTYPY 75 TETPAPHUX
xaspkoreHinHux ¢as: {Ce,Nd}1,5R1,5Gal,67S7, R3Cu0,45Gal,5257, R3Ag0,45Gal,52X7, R3Mn0,1Gal,6S7,



R3Fe0,1Gal,6X7, R3C00,1Gal,6S7, R3Ni0,1Gal,6S7, Pr3BII10,1Gal,6Se7, R3Pb0,1Gal,6X7, R3GaGe0,5Se7,
La3Ga0,561In1,11Se7, Pr3In0,33SiS7, R3Ag4kGel,25-kSe7 (k = 0,05; 0,10; 0,15), ne R - P3M; BII - Mn, Co, Ni, Cd, Hg; X
- S, Se (CT La3CuSiS7; I1I" P63), a Takox ¢a3 3miHHoro ckiaay Pr4-m-nTbmErnGe3S12 (m = 0,16, 0,24, 0,56, 1,00; n
= 0,16, 0,28, 0,56, 1,04) (CT La4Ge3S12; I1I" R3c). Bnepuie B mexxax Teopii pyHkiioHana ryctunu (DFT) 3
BukopuctaHHaIM GGA ¢yHkuionana (nporpamuuii naket CASTEP) po3paxoBaHO apaMeTpy 30HHOI CTPYKTypH 14
TeTpapHUX XaJIbKoreHinis. [Io6ynoBaHO 30HHO-eHepreTUyHi Aiarpamu Ta Kpusi noBHoi (DOS) i napuiansHoi (PDOS)
T'yCTUH €JIEKTPOHHMX CTaHiB. Bu3HaueHO BHECOK d-eJIEMEHTIB Ta XaJbKOreHiB Y (GOPMYBaHHS €HEPre€TUYHUX PiBHIB
no6su3y piBHst @epmi. BcTaHOBIIEHO, IO JOCiIPKeHi a3y € By3bKO3OHHMMU HAMiBIIPOBITHUKAMU 3 IPSIMUMU
nepexoyiamMmu abo BUSBJISIIOTh METaliYHUI TUII IIPOBiAHOCTI. Briepiie Ha OCHOBI CIeKTPiB IUQy3HOTro BifiOMBaHHS i3
BUKOpHUcTaHHIM QyHKUii Kybenku-Mynka Ta meTony Taylia BU3HAU€HO MIMPUHY 3a00POHEHOI 30HU 1151 CYabQifiB
R3Fe0,1Gal,6S7 (R - La, Ce, Pr, Nd, Tb), Pr4-m-nTbmErnGe3S12 (m = 0,16, 0,24, 0,56, 1,00; n = 0,16, 0,28, 0,56, 1,04),
a TakoX 171 ceneHizniB La3Ga0,561n1,11Se7 i Tb3Ag4kGel,25-kSe7 (k=0,05; 0,10; 0,15). MeTogom nnHAMiYHOTO
PO3CilOBaHHS CBiTJIa BIIepIIE BU3HAYEHO TiIpOAMHAMIUHI pajiyCu YaCTUHOK Ta iHIEKCH iX MOJIAUCIIEPCHOCTI 115
nopoukonogiobHux xanpkoreHinis Ce3Ag0,45Gal,52Se7 ta R3Fe0,1Gal,6S7 (R - La, Ce, Pr, Nd, Tb). BctaHoB€HO, 110
OTPUMaHi JYCIEPCHI CUCTEMU € MOHOAUCIIEPCHUMMU. Pe3ysbTaTy fOCTiIKEHHS (Pa30BUX PiBHOBAT ¥
KBasziTepHapHUX cuctemax R2X3-{Ga,In}2X3-DIVX2(NiX) (R-La, Pr; DIV-Si, Ge, Sn; X-S, Se), a Tak0>X BUBYE€HHS
KPUCTaIiYHOI CTPYKTYPH Ta BJIaCTUBOCTEH CIIOJIYK, PO3IIMPIOIOTh PYHIAMEHTa/IbHI 3HAHHS PO XapaKTep B3aeMofii
KOMIIOHEHTIB Ta J03BOJISIOTH BAKOPUCTOBYBATU OTPUMAaHi HELIEHTPOCUMETPUYHI MaTepiann y HeJIiHINHINA ONTUL],

HeopraHiyHii ximii Ta MaTepiaso3HaBCTBI.

2. The thesis is devoted to the study of phase equilibria at 770 K in the quasi-ternary systems
R2X3-{Ga,In}2X3-DIVX2(NiX) (where R-La, Pr; DIV-Si, Ge, Sn; X-S, Se), establishing the regularities of interaction
between the components, and investigating the crystal and electronic structures of intermediate phases with the
compositions Ln3Gal.67X7 and Ln3Gel.25Se7 (Ln is a lanthanide) doped with d-elements (Mn, Fe, Co, Ni, Cu, Ag,
Cd, Hg) and p-element Pb as well as solid solutions based on them. Based on the results of X-ray phase and X-ray
structural analysis, 24 and 8 isothermal sections of the phase diagrams for the quasi-ternary systems
R2X3-{Ga,In}2X3-DIVX2 and R2X3-{Ga,In}2X3-NiX (R-La, Pr; DIV-Si, Ge, Sn; X-S, Se), respectively, have been
constructed for the first time. The interaction of components in the Pr2S3 — Tb2S3 - Er2S3 - GeS2 system was
investigated within the plane of the Pr4Ge3S12 - ‘Tb4Ge3S12’ - ‘Er4Ge3S12’ concentration triangle. The crystal
structures of 75 quaternary chalcogenide phases have been determined for the first time using X-ray powder
diffraction: {Ce,Nd}1.5R1.5Gal.67S7, R3Cu0.45Gal.5257, R3Ag0.45Gal.52X7, R3Mn0.1Gal.6S7, R3Fe0.1Gal.6X7,
R3C00.1Gal.6S7, R3Ni0.1Gal.6S7, Pr3BI10.1Gal.6Se7, R3Pb0.1Gal.6X7, R3GaGe0.5Se7, La3Ga0.56In1.11Se7,
Pr3In0.33SiS7, R3Ag4kGel.25-kSe7 (k = 0.05; 0.10; 0.15), where R - rare earth; BII - Mn, Co, Ni, Cd, Hg; X - S, Se
(La3CuSiS7 structure type; space group P63), as well as variable composition phases Pr4-m-nTbmErnGe3S12 (m =
0.16, 0.24, 0.56, 1.00; n = 0.16, 0.28, 0.56, 1.04) (La4Ge3S12 structure type; space group R3c). The electronic
structure parameters of 14 quaternary chalcogenides have been calculated for the first time within the framework
of density functional theory (DFT) using the GGA functional (CASTEP software package). Energy band diagrams as
well as total (DOS) and partial (PDOS) densities of electronic states curves were constructed. The contributions of
d-elements and chalcogens to the formation of energy levels near the Fermi level were determined. It was
established that the investigated phases are narrow-gap semiconductors with direct transitions or exhibit a
metallic type of conductivity. The band gap values for sulfides R3Fe0.1Gal.657 (R - La, Ce, Pr, Nd, Tb), Pr4-m-
nTbmErnGe3S12 (m = 0.16, 0.24, 0.56, 1.00; n = 0.16, 0.28, 0.56, 1.04) as well as for selenides La3Ga0.56In1,11Se7 and
Tb3Ag4kGel.25-kSe7 (k = 0.05; 0.10; 0.15), have been determined for the first time based on diffuse reflectance
spectra using the Kubelka-Munk function and the Tauc method. The hydrodynamic radii of particles and their
polydispersity indices for the powder chalcogenides Ce3Ag0.45Gal.52Se7 and R3Fe0.1Gal.6S7 (R - La, Ce, Pr, Nd,
Tb) have been determined for the first time by dynamic light scattering. It was established that the resulting
disperse systems are monodisperse. The results of investigating phase equilibria in the
R2X3-{Ga,In}2X3-DIVX2(NiX) (R- La, Pr; DIV-Si, Ge, Sn; X-S, Se) quasiternary systems, as well as the study of the
crystal structure and properties of the compounds, expand fundamental knowledge on the component interaction



character and allow using the obtained non-centrosymmetric materials in nonlinear optics, inorganic chemistry,
and materials science.
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